Background Human pathogens are widespread in the environment, and examination of pathogen-enriched 1 1 environments in a rapid and high-throughput fashion is important for development of pathogen-risk 1 2 precautionary measures.
The toxin frequency in each metagenome was normalized to a total gene frequency of 1M to eliminate the 1 0 6 effects of gene pool size. Toxin abundance in the 27 metagenomes was visualized using Circos [60] . The genus 1 0 7 abundance of all metagenomes was calculated and sorted by genus name, followed by manual construction of a 1 0 8 genus abundance matrix for subsequent biodiversity-toxin abundance Canonical Correspondence Analysis using 
Results and Discussion
1 1 1
In this study, a toxin-centered database was established for bacterial pathogen screening in various microbiomes 1 1 2 globally through a Local BLASTP procedure. The specificity of the procedure was tested, the relative 1 1 3 abundance of toxins in the microbiomes was examined, and the toxin-taxonomic abundance correspondence 1 1 4 analysis was performed.
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Like the previously established Local BLASTN method for antibiotic and metal resistance genes screening 1 1 6 [58, 62, 63] , the Local BLASTP method using the toxin-centered pathogen database in this study was successful 1 1 7 at accurately identifying toxin proteins from the database. For screening of the Clostridium perfringens ATCC 1 1 8 13124 genome, the methods successfully detected the pore-forming genes and multiple copies of the 1 1 9 glucosyltransferase (toxB-like) and ADP-ribosyltransferase (spvB-like) genes, based on the raw data. These 1 2 0 results are consistent with the virulence genetic features of Clostridium sp. [21] , which have not been well 1 2 1 detailed in the GenBank annotation record. Such a cross-validation positively indicated that the Local BLASTP 1 2 2 procedure established here is useful in predicting toxin genes in unknown genomes. Yet for a semi-quantitative 1 2 3 method to estimate toxin factors in metagenomes, a false positive analysis is required to examine to what level 1 2 4 mismatch is included in the Local BLASTP results. Actually, the cutoff values of identity greatly impact the 1 2 5 homolog virulence factor abundance returned. At cutoff values of 40% for identify and 20 aa for alignment 1 2 6 length, only four records for Clostridium perfringens ATCC 13124 genome query were returned after 1 2 7 duplication removal, one for 1-phosphatidylinositol phosphodiesterase, one for pore-forming alveolysin, one for 1 2 8
Ornithine carbamoyltransferase and one for RNA interferase NdoA. At a cutoff identity value of 35%, one more 1 2 9 record (Toxin secretion ATP binding protein) was returned. This means that the Local BLASTP procedure was 1 3 0 able to detect the virulence factors in unknown genomic dataset at least semi-quantitatively, with proper cutoff 1 3 1 values for data quality control. The accuracy of the BLASTP procedure in virulence factor detection was further 1 3 2 tested using the genomes of Bacillus thuringiensis serovar konkukian str. 97-27 (AE017355.1) and Helicobacter 1 3 3 pylori 26695 (AE000511.1) (results not shown).
3 4
As mentioned above, functional genes including toxin factors may partly evolve through lateral gene 1 3 5 transfer, which makes their taxonomic affiliation difficult. It is thus interesting to explore how specific toxin 1 3 6 factors are associated with the taxonomic units of pathogens. Here, I explored this issue by investigating the 1 3 7 taxonomic distribution of homologs of toxinsretrieved from the GenBank database. Generally, at a lower 1 3 8 expectation value, most toxins were associated with a specific group of pathogens. For example, at a cutoff E 1 3 9 value of 10 -6 (the default unless specified), 241 out of 242 returned records of Mycobacterium tuberculosis 1 4 0
RelEhomologs fell within the phylum Actinobacteria. Moreover, 89% of these homologs were from the genus 1 4 1 Mycobacterium, while 99.7% of Yersinia pestis CdiAhomologs and 92.7% of Bordetella pertussis cya homologs 1 4 2 belonged to Proteobacteria, and homologs of Aeromonas dhakensis repeats-in toxin (RtxA) were mostly 1 4 3 associated with the class Gammaproteobacteria (206 out of 242). However, no obvious genus-toxin association 1 4 4 was identified. It is worth noting that these results largely depended on the availability of toxin sequences in 1 4 5 each taxonomic unit. The lack of a genus-toxin association basically denied the possibility of detecting a 1 4 6 specific pathogen using a specific toxin as a single signature [16] .
4 7
It is still not clear whether virulence secretion proteins are specific for pathogen detection as signatures, 1 4 8 through they are essential for virulence process [20] . For example, the contact-dependent toxin delivery protein 1 4 9
CdiA was found to be widespread in bacteria [37] . The relative abundance of secretion proteins in the 27 1 5 0 microbiomes was determined as well as that of the toxins which are essential to virulence processes. The results 1 5 1 of the present study showed that the abundance of secretion proteins selected in the database was strongly 1 5 2 correlated with the toxin abundance (R 2 = 0.80, Figure 1 ). The most abundant secretion proteins included L. 
6 0
Toxin-phyla CCA results showed that all phyla can be clearly separated into two groups, and that almost all 1 6 1 toxins were associated with Proteobacteria, Nitrospirae and Firmicutes (Figure 2 ). Considering the phylum-1 6 2 specificity of the toxins stated above, these results can be biased because of the taxonomic affiliation of toxins that there are many more Nitrospirae pathogens harboring MvpA and PLC that have yet to be discovered.
7 7
The screening of toxins in the 27 global microbiomes revealed the most prevalent toxins and pathogen-1 7 8 enriched environment. Specifically, the results showed that the RTX toxin RtxA and adenylate cyclase Cya were 1 7 9 most prevalent globally in terms of relative abundance. RTX toxins comprise a large family of pore-forming 1 8 0 exotoxins. Known homologs in the GenBank database of Aeromonas dhakensis RtxA were mainly in the genera 1 8 1 of Aeromonas, Pseudomonas (e.g., CP015992), Vibrio (e.g., CP002556) and Legionella (e.g., CP015953). These 1 8 2 genera are well known to be associated with gastroenteritis, eye and wound infections, cholera and legionellosis, should be carefully examined and precautions should be taken to prevent infection by these organisms since 1 8 8 many of them are associated with very common diseases such as whooping cough.
8 9
The main purpose of the Local BLASTP method established here was to screen pathogen-enriched 1 9 0 environments to enable development of precautionary measures. Our results clearly indicated that contaminated 1 9 1 lake water, feces and wastewater microbiomes were rich in pathogens (Figure 3) . Although there was no 1 9 2 detailed background information regarding these environments in this study, the results presented herein may 1 9 3 provide important implications for pathogen-related risk control. Surprisingly, two lake water microbiomes from 1 9 4
Nanjing, China contained the highest toxin factors among the 27 samples. Further investigation of the location 1 9 5 and contamination status supported the sewage-nature of the lake water. In China, most polluted lakes receive 1 9 6 sewage that includes feces materials [77] . According to an official survey conducted in 2015, Nanjing has 28 1 9 7 lakes with a total area of 14 km 2 , among which 96.7% are classified as polluted (Class V of the national 1 9 8 standard). Studies have documented that pathogens tend to be enriched in polluted waters [14] . It is not 1 9 9
surprising to find that feces samples had very high abundance of toxins. Epidemical statistics have indicated that 2 0 0 feces are the most important pathway for diarrheal diseases, which is a leading cause of childhood death 2 0 1 globally [78] . Thus, the present study provides a method for obtaining quantitative estimates of pathogen 2 0 2 enrichment of various environments, and polluted freshwater systems are found to be highly pathogen-enriched 2 0 3 relative to safer environments such as ocean water and natural soils. Factor Database, which provided valuable reference for the buildup of the toxin database in this study.
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